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SUMMARY

On July 26, 2001, a 36-year-old male career fire
fighter (thevictim) waskilled whilefilling thewater
tank of anew engine. A stationary fill tank wasbeing
used aspart of thefill operation. Thefill tank became
over-pressurized by the engine' sbooster pump and
suffered catastrophicfailure. Thetank wascatagpulted
goproximately 100feet verticdly intotheair, landing
ontop of thefront left corner of the engine’s cab.
Thevictimwasstandingimmediately outsdethecab
whileoperatingaswitchindgdethecab and wasstruck
as the tank fell to the ground. Fire fighters and
paramedicsonthesceneprovidedimmediatemedicd
treatment. Thevictim wastransported to anearby
hospital where he died the next day.

NIOSH investigators concluded that, to prevent
smilar incidents, firedepartmentsshould

» develop standard operating procedures
(SOPs) for filling engine water tanks and
ensure that they apply to new equipment
prior to operation

\ehicleinvolved in the incident.

e ensure that engine water tanks are filled
using the inlet tank fill connections(s)

* ensure that stationary fill tanks are fitted
with aclapper valve or check valveto prevent
backfilling or back pressure

* ensurethatfirefightersareproperlytrained
before operating new equipment

Additiondly,

* Manufacturersandfiredepartmentsshould
ensurethat fireapparatusare designed and
built according to National Fire Protection
Association (NFPA) standards.

INTRODUCTION

On July 26, 2001, a 36-year-old male career fire

fighter (thevictim) waskilled whenfillingthewater

tank of anew engine. On July 28, 2001, the U.S.
FireAdminigtration notified theNationd Ingtitutefor
Occupational Safety and Health (NIOSH) of this
incident. A safety and occupationa health specidist
(SOHYS) from the NIOSH Fire Fighter Fatality

The FireFighter Fatality Investigation and Prevention
Program is conducted by the National Institute for
Occupational Safety and Health (NIOSH). The purpose of
the program isto determine factorsthat cause or contribute
to fire fighter deaths suffered in the line of duty.
Identification of causal and contributing factors enable
researchers and safety specialiststo develop strategies for
preventing future similar incidents. The program does not
seek to determine fault or place blame on fire departments
or individua fire fighters. To request additional copies of
this report (specify the case number shown in the shield
above), other fatality investigation reports, or further
information, visit the Program Website at
www.cdc.gov/niosh/firehome.html
or call toll free 1-800-35-NI1OSH
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I nvestigation and Prevention Program investigated
theincident fromAugust 7-10, 2001. TheNIOSH
investigator met with thefire department chief, the
battalion chief, arepresentative of the California
Department of Forestry and Fire Protection, and a
representative of the company that provided
maintenancefor the stationary fill tank involvedin
theincident. The department’sstandard operating
procedures (SOPs) and specifications for the
gationary fill tank and gpparatuswerereviewed. The
investigator dsoreviewed photographsof theincident
sceneand thevictim'’straining recordsand visited
theincident Stetoinspect theengineand theengine
pump system. On November 5, 2001, the
investigator and an engineer from the Division of
Safety Research, NIOSH, returned to Californiato
fully eval uate the plumbing system connected to the
engine pumps. A diagram of the plumbing system
wasdeveloped (Diagram 1).

Thefiredepartment involved inthisincident has40
career firefightersdivided amongfivestations. The
department serves approximately 50,000 peoplein
about a 240-square-mile area. The 36-year-old
victim, an engineer/pump operator, had 5%2yearsof
experienceasafirefighter, themgority asanengineer/
pump operator. He had completed Fire Fighter |
and Il training and was certified asafirefighter. He
had aso completed driver training and engineer pump
training provided by the department, but he had not
received any forma pump-operationtraining onthe
new engineinvolvedinthisincident.

Theincident occurred at the station house astwo
firefighterswerefilling theenginewater tank. The
department had received anew engineon July 24,
2001. Theenginehad asingle-stage pump system.
Theengineincorporated two discharge connections
alongwithinlet tank fill connectionson each side
(Photo 1). The department’s other engines had
discharge connectionson both sidesand inlet fill
connectiononly ontheleft (pump panel) side. The

discharge connectionswere used tofill theengine
tank. This procedure was used because the fire
department personnel had to position their engines
on a one-way throughway (Diagram 2) with the
passenger sde (right side) adjacent to the stationary
tank or hydrant. In positioning theenginesinthis
manner, they would have to use the discharge
connectiontofill theenginewater tank becausetheir
engines (except for the new engineinvolvedinthe
incident) were not equipped with aninlet tank fill
connectionon both sides.

Thedtationary fill tank, a525-gallon self-supporting
steel tank (Photo 2 and Diagram 3), was positioned
onaconcretedabfoundation. Thetank wasplumbed
to an 80-gallon-per-minute electric pump which
pumped well water into the tank. The tank was
equipped with apressuregaugethat read amaximum
pressurelevel of 100 psi and an air release valve
located near the pressuregaugeinthemiddleof the
tank. It wasa so plumbedto ahydrant valvewhich
did not incorporate aclapper valveor check valve
(avavedesignedto prevent water from backfilling
into the tank). The tank was not equipped with a
“rupture disc” for pressure relief. There was no
pressurerelief mechanisminstaledinor onthetank
that was adequate to relieve pressure from an
engine’s pump because the two were never
considered asasysteminthedesign.

The plumbing system connected to the pumpson
the new engineappeared to beinadequate according
to National Fire Protection Association (NFPA)
standards. Specifically, acheck valvethat would
prevent any backflow of pressure created by the
booster pump (which would back flow through the
midship pump and out one of the intake suction
connections) was not incorporated into the system.
Although investigators do not believe thiswas a
contributing factor in thisincident, under certain
circumstancesit could lead to equipment damage,
severefirefighter injuries, or even death of afire
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fighter if back pressureexistsand no check valveis
inplace.

Sincethisincident, the stationary fill tank hasbeen
replaced, and new plumbing hasbeeningaled which
incorporates a clapper or check valve to prevent
backfilling of water or additional pressurebuildup
from the engine pump.

INVESTIGATION

OnJduly 26,2001, a36-year-old maecareer firefighter
(thevictim) waskilled whilefilling thewater tank of a
new engine. A stationary fill tank wasbeing used as
part of thefill operationwhenit becameover-pressurized
and suffered catastrophicfallure. OnJuly 24,2001, a
manufacturer’ srepresentative had ddlivered the new
enginetothedepartment. Firedepartment personne
had participated in designing thepecificationsfor the
engine, andthey hadingpected theenginebeforeitwas
delivered tothedepartmen.

Upon delivery of the new engine, therepresentative
spent about 4 hours with fire department
representatives, explaining the basi c operation of the
engine. Therepresentativedid not operatethe pump
or provide procedures on how to do so. The
department had reportedly ordered threenew engines
from this manufacturer. Another engine was
scheduled for ddlivery beforetheoneinvolvedinthis
incident, but it had mechanicd problemssothisengine
was delivered first. The manufacturer stated that
extensvetraningistypicaly provided onthevehicles
when they deliver them; however, since the
representative was returning to the manufacturer to
make delivery of the repaired engine, it was
gpparently decided that training would be performed
after delivery of the second enginewas complete.

The department scheduled independent basic
orientation training for the next 2 dayson the new
engine. It wasreported that thetraining coveredthe
same areasthat the manufacturer’srepresentative

had covered, and likethe representative' straining,
did not cover the pump system. After completing
thetraining session on July 25, 2001, firefighters
and company officersattempted to perform apump
acceptance test (flow rate test) according to
Underwriters Laboratory (UL) specifications.
According to statementsfrom thefire department,
they worked severa hourstryingto get the pumpto
passthetest, but they were unsuccessful.

Starting around 0900 hours on July 26, 2001, the
department resumed training for about 4 hours,
completing the basi c orientation for four of thefive
firestations. Thevictimwason duty and attended
all of thetraining sessions. At about 1300 hours, an
off-duty firefighter from the same department and
hisson stopped to seethe new engine. Theoff-duty
firefighter wasalso familiar with the new engine
because he had participated in the pump acceptance
test and the same basic orientation training the
previousday. Shortly after lunch, they decidedto
let the of f-duty firefighter’s son flow somewater
through one of theengine booster linesasthey were
fillingtheenginetank.

At about 1345 hours, the off-duty firefighter and his
son pulledtheenginearound to thegtationary fill tank,
positioning the passenger side of theenginenext to
thefill tank. Duetothegtation’slayout, thefirefighters
had to position the passenger side of thenew engine
near the stationary fill tank (Diagram 2 and Photo
3). Theoff-duty firefighter andthevictimretrieved
a modified filling hose outfitted with female
connections on both ends, one for hooking to the
engine discharge and the other for hooking to the
hydrant. This hose was adapted to fit the other
engines. Thismodifiedfilling hosewasused because
thedepartments' other enginesonly had adischarge
connection on the passenger side of the existing
engines. The new engine, however, was equipped
withaninlet tank fill (non-pressurizedfill) connection
onthepassenger side.
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They connected one end of the hoseto the hydrant
and the other end to the Number 4 dischargeonthe
passenger side (Photo 1). Firefightersreportedly
filled the new engine using the same procedurethe
previousday to perform the pump acceptancetest.
After connecting, they opened the hydrant valveand
went around the engineto the pump panel, where
they opened the Number 4 dischargevalveand the
tank fill vave, dlowing water toflow intotheengine
tank. After filling thetank about one-half full, they
pulled off one of the booster linesand handed it to
the off-duty firefighter’sson. Thevictim engaged
thebooster pump switch insidethe cab, and the of -
duty firefighter—still at the pump panel—pulled the
booster pump valve and the left side booster line
discharge. Hisson then opened the booster lineto
flow water. The off-duty firefighter said that the
booster line had very little pressure and was
producing astream similar to theflow of agarden
hose. Hethrottled up and shut the tank fill valve,
and the pressure increased in both the pump and
booster line. The off-duty firefighter stated that the
pressure gauge registered about 150 psi. Asthe
pressure increased, an adequate stream of water
began to flow from the booster line. Shortly
theregfter, thevictim and the off-duty firefighter saw
alargeamount of water flow from underneath the
engineinthedirection of the passenger side of the
engine. Thinking that thefill linehad burst, the off-
duty firefighter immediately turned down thethrottle
at the pump panel asthe victim went to the cab to
shut of f the booster pump and theengine. The off-
duty firefighter stated that shortly after, heheard a
loud crash and saw the engine shaking. Heturned
and saw the stationary fill tank rolling acrossthe
parking lot and the victim lying on the ground near
thedoor onthedriver’sside. Itisbelievedthat an
over-pressure produced by the running booster
pump caused a catastrophic failure and propelled
thetank intotheair. A nearby civilian witnessstated
that thefill tank was propelled about 100 feet into
theair. Thetank landed on the engine cab, crushing

it (Photo 4). The tank had separated into two
sections, and the bottom portion of the tank—the
smaller of thetwo sections—was propelled over a
small wall. It cametorest against afence about 30
feet fromitsorigina position ontheconcretedab. It
isnot clear whether the victim was struck by thefill
tank or by the crushed cab.

The captain and thetraining officer, whowereinsde
thestation, said that at about 1400 hours, they heard
aloud sound amilar toatank overflow vent damming
shut. About 5 seconds after hearing the sound, they
heard aloud crash, and they immediately exited the
station. They saw thevictimlying near thedriver’s
sidedoor asthefill tank rolled acrossthe parking
lot.

The captain, thetraining officer, the off-duty fire
fighter and three medicswho were on duty beganto
assessthevictim’'scondition. Thetraining officer
went back into the station and notified dispatch of
theincident. Theoff-duty firefighter stated that they
had established a pulse and that the victim was
breathing on his own; however, his breaths were
short and slow. It wasapparent that thevictim had
sustained head injuries. Thevictimwastransported
by EM Sto anearby hospital. Thevictim received
additional treatment at the hospital wherehedied
the next day.

ENGINE CONFIGURATION

According to the design of theengine’s plumbing
system (Diagram 1), theauxiliary pump iscapable
of charging the booster lines as well as all other
dischargesinbothmanifolds (A & B). Thebooster
pump also was able to flow foam through all
discharges connected to manifold B. Firefighters
stated that they were unawarethat the engine pump
was designed so that the booster pump would charge
al of thesedischargesuntil after theincident occurred;
however, the specificationsin the contract requested
this configuration. Their older engines were
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configured differently, and no specifictraining rel ated
to thishad been compl eted for the new engine. At
thetimeof theincident, the new engine had not been
placed in service becauseit did not passthe pump
acceptancetest.

FILL PROCEDURE USED

When the booster pump was engaged, the tank fill
valve, the Number 4 discharge valve (which
controlled the discharge connection fromtheengine
to the hydrant) and the booster linevalvewereall
open. It wasstated that therewasvery low pressure
ontheboogter lineat thistime. Itispossblethat low
pressureexisted becausethetank fill valvewasopen,
whichwould have allowed arecircul ating pattern.
Oncethetank fill valve was shut, the pump then
pressurized the Number 4 discharge connected to
the hydrant and stationary fill tank. With no clapper
or check valve present to prevent backfilling or back
pressure, the stationary fill tank became pressurized
and failed at the bottom near the seam (Photo 5).

Frefightersstated that they havefilled ther tanksthis
way numeroustimesinthepast becauseof theabsence
of aninlet tank fill connection onthe passenger sde.
However, thedepartment only provided training tofill
theenginetank throughtheinlet tank fill connection, not
throughthedischarge. Theolder, exigtingenginebooster
pumpsonly ranwater throughthesecond manifold, not
bothmanifolds.

CAUSE OFDEATH
Themedical examiner listed the cause of death as
head injury dueto blunt impact.

RECOMMENDATIONS/DISCUSSION
Recommendation #1: Fire departments should
develop standard operating procedures for
filling engine water tanks.!

Discussion: Standard operating procedures (SOPs)
should bedevel opedfor al water filling tasks. SOPs

should cover dl partsof thewater filling tasksto be
performed and should beimplemented and enforced
by the fire department to avoid possible over-
pressure hazards. Thedepartment involvedinthis
incident had SOPsin place; however, the SOPsdid
not include a section covering the proceduresfor
filling thewater tank on anengine.

Recommendation #2: Fire departments should
ensure that engine water tanks are filled using
the inlet tank fill connections(s).

Discussion: Fireenginesare designed with intake
(inlet tank fill) and discharge connectionsto alow
for filling thewater tank and for distributing water,
respectively. Typicaly, aninlet tank fill connection
will belocated on the pump panel side, and possibly
on the discharge side, depending on the design of
theengine. Theinlet tank fill connection allowsa
straight connection between the engine water tank
and the water source (river, stationary fill tank,
hydrant, etc.) and should beused at all timeswhen
fillinganenginewater tank. Thedischargeconnections
should only be used to distribute water from the
enginewater tank. If thedischarge connectionsare
used asintakes, backfilling or back pressure may
oCCur.

Recommendation #3: Fire departments should
ensure that stationary fill tanks are fitted with
a clapper valve or check valve to prevent
backfilling or back pressure.

Discussion: Firedepartmentsthat do not have access
to municipa water suppliesmay use stationary fill
tanksto storewater. Water tankscanvary insize,
shape, and function; however, they should be
designed to prevent backfilling or back pressure. A
check valveor clapper valvecan beingtalledinthe
plumbing system of thetank dischargeto block any
water or additiona pressurefrom backfilling thetank
and causing an over-pressure situation.
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Recommendation #4: Fire departments should
ensure that fire fighters are properly trained
before operating new equipment.

Discussion: Firefightersshould be properly trained
in al aspects of new equipment before being
permittedto useit. Thedepartment and manufacturer
had reportedly planned to provideasecondtraining
session to cover in more depth areas such aspump
operation, water applications, foam, etc., whenthe
incident occurred.

Recommendation #5: Manufacturersand fire
departments should ensure that fire apparatus
are designed and built according to NFPA
standards.

Discussion: Standards for fire apparatus are
recommended by the NFPA and should befollowed
when designing and manufacturing fire apparatus.
Theapparatusinvolvedinthisincident waseva uated
by NIOSH and thefollowing was documented:

* A pressure safety valve for venting to the
atmosphere was not present on the intake
manifold. A pressurerdief valve-used asaback
pressure control valve—dumped into themain
pump intake; however, this did not provide
pressure control tothedriver’ssideinletsfor the
largediameter intakemanifold.

» A check vavewasnot visibly present between
the main pump and theintake suctions which
would allow possible back pressure from the
booster pump to the intake suctions. NFPA
1901 15-5 statesthat any discharge outletsthat
arefed by linesfrom both the auxiliary pump
and the main pump shall have check valvesin
both supply lines.

Theevauation concluded that theauxiliary pumpwas
being fed into the main pump, whichwas connected
toinlet connections. Therewasno visible check
valve present to prevent back pressure from the
auxiliary pumpthroughthemain pumptotheseinlets.
It was a so concluded that thiswould not prevent
back pressure through the discharge that wasbeing
usedinthisincident. Dischargesshould not beused
tofill theenginewater tank. Theappropriateintake
connections should be used and should have check
valvesin placeto avoid any such back pressure.

REFERENCES

1. International Fire Service Training Association
(IFSTA) [1995]. Essentidsof firefighting. 3 ed.
FireProtection Publications.

2. NFPA [1999]. NFPA 1901: standard for
automotivefireapparatus. Quincy, MA: National
FireProtection Association.

INVESTIGATOR INFORMATION
Thisincident wasinvestigated by Frank C. Washenitz
I, Safety and Occupational Health Specialist,
Surveillance and Field Investigations Branch,
Division of Safety Research, and authored in final
form by Robert E. Koedam, Chief of the Trauma
Investigations Section, Surveillance and Field
InvestigationsBranch, Division of Safety Research.
The plumbing diagrams and evaluations were
completed by Richard Current, Engineer, Protective
Technology Branch, Division of Safety Research.

TECHNICAL ASSISTANCEAND REVIEW
Technical assistance and reviewswere provided by
Bryan Miller and John Lemly, West Virginia
University Fire Extension, Morgantown, WV.
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i

Photol. Illustrates the engine's passenger side discharge panel. It also depictsthe
fill line connected to the #4 discharge and water holding tank’s hydrant.

Photo 2. The 525-gallon steel water holding tank involved in this incident.
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Photo 3. Illustrates the original placement of the water holding tank, the hydrant,
and the plumbing systemin relation to the passenger side of the engine.

i
Photo 4. Depicts the point of impact by the holding tank on the cab of the engine.
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R DO L R R
Photo 5. Illustrates that the holding tank failed near the bottom seam.
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